Groundnuts are fairly rich in niacin. Bioavailability of niacin from roasted and boiled groundnuts was assessed in adult human subjects. A local variety commonly cultivated in Andhra Pradesh, India was used in the study. Six women in the age range of 23-25 years were selected for the study. The linear dose response technique was used to assess the availability. Excretion of N1-methylnicotinamide in urine was used as an index of assessment. The results revealed that 87.0 to 91.7% of niacin was available from roasted and boiled groundnuts, respectively.
procured immediately after harvest and processed. Details of processing are given in Table 1 . Conditions of processing were selected on the basis of information collected in a field survey. To simulate the same conditions of groundnut processing as practiced by rural families, boiling was done using fire-wood as fuel and roasting in a pan with sand. The effect of processing on the niacin content was assessed in these four varieties, whereas only the local variety was used to assess the bio availability of niacin in vivo. Chemical analysis. Niacin was estimated microbiologically using Lacto bacillus arabinosus (12) .
Bioavailability. In normal human subjects the urinary excretion of niacin as N1-methylnicotinamide (MNA) or as its pyridone derivatives is directly pro portional to the quantity of niacin and tryptophan consumed in the diet, provided that at the time of the test, the subjects are subsisting on an adequate diet (13) . The linear dose response relationship established by feeding the vitamin in pure solution, i.e., in its completely available form, and measuring the urinary excretion of MNA during a period of 4-6h after the administration of the test dose at different levels forms the basis for the bioassay to estimate available nicotinic acid (14) .
Two of the processed forms of groundnuts, i.e., boiled and roasted, were selected as the test food for the study. Six normal healthy women between 23-25 years of age were selected as subjects. The subjects did not show any clinical deficiency symptoms related to niacin or other vitamins.
The experimental period of 20 days was divided into four phases of five days each. Each subject served as her own control during the experimental period. During phase I the subjects were fed on a basal diet for the first five days. A 24-h urine sample was collected on the fifth day and stored in a deep freezer in corked, air-tight bottles for analysis of MNA. As the ingredients of the diet were weighed and prepared separately, one sample diet for each day was kept in a deep freezer for the estimation of niacin.
During the second phase, the subjects were fed on basal diet as in phase I along with synthetic niacin containing 40mg of niacin equivalent in the form of tablets. This was given with breakfast. After four days of feeding, 24-h urine collection was done on the fifth day and stored in a deep freezer. A sample diet for each day was collected and stored in a deep freezer until analysis.
The third phase was started after a gap of two days during which the subjects were kept on the basal diet for adjustment. The subjects were given the same diet as in phase I along with 160g of roasted groundnuts. The subjects were allowed to consume groundnuts during the course of the day as they found it difficult to consume them at one meal time. To maintain an energy content during phases I, II and III similar to the basal diet, a proportionate reduction in oil and sugar content was made. After feeding for four days, on the fifth day (24-h urine) was collected from all the subjects and stored in a deep freezer. A sample diet given during the five days was collected and stored in a deep freezer until analysis. After a gap of two days, phase IV was started. During the gap the basal diet was given to all subjects. In this phase the subjects were fed on the same diet as in the phase I, along with 200g of boiled grondnuts. Here also a proportional reduction was made in the amount of oil and sugar content to make the diet similar to the Table  3 .
Energy and niacin contents of the diets given in the four phases.
basal diet in energy content. Composition of the basal diet along with modifications is given in Table 2 . After 4 days of feeding, 24-h urine was collected on the fifth day and stored in a deep freezer. A sample of the diet was collected and stored in a deep freezerr until further analysis. Energy and niacin contents of the experimental diets are given in Table 3 . Estimation of MNA. MNA was estimated by the method of Carpenter and Kodicek (15) . Percentage availability was calculated with respect to the excretion of MNA with the experimental diet containing synthetic vitamin. The excretion of MNA on the basal diet with synthetic niacin was considered as 100% availability. Therefore, based on this consideration, the percentage availability of niacin from the test diet was calculated.
RESULTS
The niacin content of the four varieties of groundnuts subjected to the same process as mentioned earlier is presented in Table 4 . Niacin content of the TMV-2 variety was lower compared to other varieties. An increase in the niacin content was noticed on roasting and deep-fat frying, ranging from 11.1 to 33.3% and 0.9 to 17.9%, respectively, in all the varieties tested.
Twenty-four hour excretion of MNA was measured in the urine of the subjects. The results are summarised in Table 5 .
It was observed that 87.7% of niacin was available from roasted groundnuts, as against 91.7% from boiled nuts.
DISCUSSION
Niacin values vary (16.7-21.7mg/100g) among the varieties, but compared to the local variety, J-11 and Kadiri 71-1 varieties (19.2-21.7mg/100g) were higher, and niacin content was lower in the TMV-2 variety (16.7mg/100g). Values observed in the present study were similar to those reported by other investigators for different varieties cultivated in India (16) .
A reduction of 1.7-11.9% in niacin content was observed on boiling against an Table 4 . Effect of home processing of niacin content of groundnuts.
(mg/10g on a moisture-free basis) Table 5 . Twenty-four hour excretion of MNA (mg) in the urine of adult women.
a Indicates percent availability in each subject .
increase of 11.1-33.3% on roasting and 0.9-17.9% on frying. A similar increase in the niacin content on roasting was also reported in sweet corn (2) . This increase could be attributed to the conversion of trigorelline (the betaine of 3-pyridine carboxylic acid) to nicotinic acid at high-temperature processing (17) . If a correction were to be made for the leaching out of niacin in the cooking water, perhaps an increase in the niacin content on boiling also would have been encountered. Therefore, this needs further investigation.
A. CHATURVEDI and P. GEERVANI Bioavailability of niacin is a measure of the amount of niacin that is utilized in the body. Niacin intake, which is generally computed from diet survey data, gives an idea of only the total niacin in the raw materials. Some of this niacin is lost during processing. Some more loss occurs after the food is consumed. Net availability is the amount ultimately utilized in the body. Contrary to the availability of niacin (less than 50%) reported from a range of foods by earlier investigators (6, 18, 19) 87% of the niacin was found to be available in the present study. This perhaps could be because the niacin present in the bound form (20) may have been hydrolyzed to an extent on processing and became available as unbound niacin. In circumstances where niacin is synthesized from tryptophan by intestinal flora, metabolites availability may show a higher value. This perhaps could have been another reason for the higher availability found in this study. As no significant difference was observed in the availability between groundnuts processed by two different methods of heat treatment, it could be assumed that nature of heat treatment dose not affect the extent of hydrolysis of bound niacin.
Eventhough the total niacin content varies with the type of process to which the food is subjected, the bioavailability of net niacin present after taking into account the processing losses does not alter significantly.
Mere higher content of niacin in food is no indication of its actual utilization, since the form of niacin present in the food has a direct relevance to its degree of availability. Since this study revealed that more than 87% of niacin is available from processed groundnuts, it would signify that any type of heat treatment, whether boiling or roasting, results in almost equal availability.
Niacin is absorbed readily from the intestinal tract, as is its precursor tryptophan. There is evidence that niacin is synthesized in the intestinal tract and some of this may be available to the animal, but in humans this does not appear to be an important source of niacin (21) . An intake of 10-15mg/C. U./day of niacin in rural areas of Andhra Pradesh, India has been reported, in contrast with a requirement of 19mg or 6.6mg/1,000kcal (22) . The incidence of pellagra is high in India, especially in areas where sorghum is the staple food (23) . In this context the consumption of grondnuts as an excellent source of niacin and a fair source of tryptophan assumes importance. Evidence from growth studies suggests that niacin has a tryptophan-sparing effect, making more of the amino acid available for protein synthesis (20) . This prevents growth inhibition and the sparing effect of niacin on tryptophan implies a feedback mechanism by which the dietary supply of niacin inhibits the conversion of tryptophan to niacin. Tryptophan is first used to maintain the nitrogen balance, then for synthesis of blood pyridone nucleotides and only a further increase in the intake would result in excretion of niacin metabolites in the urine (24) .
Diets of dryland regions are fairly limited in tryptophan and other amino acids, and in this respect, groundnuts with their high niacin content can spare tryptophan for protein synthesis.
In dryland regions, where millet consumption is high, the incidence of pellagra or negative nitrogen balance due to tryptophan deficiency could become endemic. Since millet is a poor source of tryptophan and niacin, the requirements of the people cannot be met. In these areas, intake of about 100g of groudnuts along with the normal diet could bridge the energy, protein and niacin gap.
Since the ultimate availability of niacin from groundnuts depends upon the degree of processing losses and the amount finally absorbed in vivo, it becomes essential to assess the processing losses along with bioavailability studies.
